Introduction {#S0001}
============

Due to the prevalent mild or severe post‐operative pain in most patients undergoing total knee arthroplasty (TKA), multimodal analgesia plays an important role to effectively relieve pain, which involves a combination of different techniques and analgesic agents.[@CIT0001] In recent years, the pain management protocols during the early postoperative period have shifted toward effective analgesia with limited motor involvement due to the emphasis on faster recovery following TKA.

Among all the modalities, continuous femoral nerve block (FNB) providing excellent postoperative analgesia, is often considered as the gold standard for TKA pain relief.[@CIT0002],[@CIT0003] However, patients receiving continuous FNB generally suffer from substantially decreased quadriceps muscle strength, which increases the risk of postoperative falls.[@CIT0004]--[@CIT0006] Injection of a relatively lower concentration of local anesthetics around the femoral nerve will theoretically exert less influence on quadriceps strength. Previous studies comparing equal volumes of different concentrations of local anesthetics in continuous femoral nerve block have shown that adequate analgesia is likely to be achieved with concentrations of ropivacaine between 0.1% and 0.2%, which, however, still lack robust mobility data.[@CIT0007]

Over recent years, the addition of multiple types of additives to local anesthetics has been reported to improve analgesic effect of peripheral nerve block.[@CIT0008],[@CIT0009] Dexmedetomidine, an α~2~‐agonist with an eight-fold affinity for α~2~‐adrenergic receptors (sedate and analgesic effects) as clonidine, while exerts much less α~1~‐effects.[@CIT0010] Multiple randomized controlled trials have been conducted to examine its effectiveness as a peripheral nerve block adjuvant, revealing that dexmedetomidine could prolong the duration of analgesia.[@CIT0011],[@CIT0012] However, there are still no studies evaluating the effect of femoral nerve block with or without dexmedetomidine as adjuvant on the strength of the quadriceps muscle after TKA. Moreover, to the best of our knowledge, there have been no studies that directly investigated the effect of a combination of dexmedetomidine with a lower concentration of ropivacaine on the balance of analgesia with mobility after TKA.

To this end, in our study, we hypothesized that the addition of dexmedetomidine at a concentration of 2 μg/kg to 0.1% ropivacaine in FNB would intensify postoperative analgesia and further preserve quadriceps muscle strength in patients undergoing TKA. The primary aim of this study was to investigate the strength of the quadriceps muscle by manual muscle testing (MMT) and Timed Up and Go test (TUG).[@CIT0006] The secondary endpoint was to record the pain score and morphine consumption among different groups. Hence, we aimed to determine a better protocol for FNB as a main part of analgesic approach in patients receiving TKA.

Materials And Methods {#S0002}
=====================

Patient Selection {#S0002-S2001}
-----------------

This randomized, single-center, double-blind clinical trial was conducted after the approval from the Ethics Committee of the First-affiliated Hospital of Sun Yat-sen University (No. \[2018\]45). The trial complied with the Declaration of Helsinki and was registered at ClinicalTrials.gov (identifier NCT03658421). Written informed consent was obtained from all patients willing to participate in this study. From September 1, 2018 to November 5, 2018, a total of 90 patients scheduled for TKA with American Society of Anesthesiology (ASA) I-II, aged 50--80 years old were included in this trial. Exclusion criteria included refusal to participate, unicompartmental knee arthroplasty, body mass index greater than 35 kg/m^2^, cognitive or psychiatric history that may interfere in assessment, refusal to general anesthesia, contraindications to laryngeal mask airway insertion under general anesthesia or peripheral nerve blocks (localized infections, sepsis, coagulopathy, bleeding diathesis or preexisting lower extremity neurological abnormality) and allergy to the drugs used.

Randomization {#S0002-S2002}
-------------

A computer-generated sequence of random numbers was used to randomize the study participants on a 1:1:1 ratio with no restrictions to receive three different local anesthetic regimens for FNB. The randomization sequence was generated at the coordinating center, before the start of the trial, using automated web-based software (Random Allocation Software). The allocation was concealed in sealed opaque sequentially numbered envelopes kept by another researcher. For each patient, one envelope was handed to the attending regional anesthesiologist or supervised regional anesthesia fellow who was assigned to the block procedure room on the day of surgery and set to perform all nerve blocks required for the current study.

Study Design {#S0002-S2003}
------------

The investigation was designed to study clinically relevant muscle strength and analgesic effect after three different local anesthetic regimens for FNB before and after TKA. To explore the role of local anesthetic concentration, the first regimen comprised of a single bolus of 20 mL of 0.2% ropivacaine (high concentration group or H group) before surgery, followed by continuous femoral nerve block using an infusion of 0.2% ropivacaine (n=30), whereas the second regimen included 20 mL of 0.1% ropivacaine (low concentration group, or L group) before surgery, followed by a continuous femoral nerve block using an infusion of 0.1% ropivacaine (n=30). To evaluate the role of dexmedetomidine as the adjuvant, the third regimen consisted of 20 mL solution of 0.1% ropivacaine added to 2 μg/kg dexmedetomidine (low concentration group with dexmedetomidine, or LD group) with a continuous infusion of 0.1% ropivacaine (n=30). All the continuous femoral nerve block infusion regimens in the pumps deliberately contained different concentrations of ropivacaine (0.1% in L group and LD group, while 0.2% in H group) and were started immediately after surgery with an infusion rate of 5 mL per hour. All local anesthetic solutions administered were prepared by the hospital pharmacy in identical size syringes and infuscate bags. Surgeons and anesthesiologists were blinded to different regimens.

Anesthesia Procedure {#S0002-S2004}
--------------------

Patients were fasted for 8 hrs before surgery. Routine monitoring with electrocardiography, oxygen saturation, and non-invasive blood pressure was started on arrival to operation room, followed by the successful establishment of peripheral venous access. All FNBs were performed before general anesthesia by the same anesthesiologist in the post-anesthesia care unit (PACU) who had much experience and expertise in ultrasound-guided peripheral nerve block. The in-plane lateral to medial approach was used for ultrasound-guided FNB. First, femoral artery was palpated in the inguinal area. The tip of the needle was located 1--1.5 cm lateral to the femoral artery pulsation under ultrasound guidance (X-PORTE; SonoSite Inc., USA). Afterwards, a 20-gauge catheter (Perifix; B. Braun Melsungen, Germany) was inserted for continuous nerve block. Patients were subsequently randomized to receive one of the three single local anesthetic infusion regimens in PACU. To be specific, patients in H group received 20 mL of 0.2% ropivacaine through the continuous femoral nerve block (CFNB) catheter. Patients in L group were administered with 20 mL of 0.1% ropivacaine, while patients in LD group received 0.1% ropivacaine added to 2 µg/kg dexmedetomidine.

After the administration of the initial loading dose, all patients were sent into the operating room and received general anaesthesia. Propofol (2.5 mg/kg), sufentanil (0.5 μg/kg), and cis-atracurium (0.2 mg/kg) were administered for induction. After induction, a laryngeal mask airway (LMA, LMAUnique, Singapore) was used for maintenance of the airway. After surgery, all patients received multimodal analgesia of 200 mg celecoxib every 12 hrs. The pumps for peripheral nerve block were connected to CFNB catheter with different regimens. Intravenous patient-controlled analgesia (IV-PCA) pumps, including 50 mg morphine diluted in 50 mL saline (bolus, 2 mg; lock-out time, 15 mins), was started in the event of inadequate pain control. All the pumps used for postoperative analgesia were left on patients for 48 hrs. The total usage of morphine could be recorded by the pump and sent to a central computer.

Measurements {#S0002-S2005}
------------

The infusion of continuous nerve block was ceased approximately 2 hrs before the measurements, and was further continued after the assessments. The measurements were performed by the same doctor who was blinded to the group assignment. The following measures were recorded at 24 and 48 hrs after surgery around 09:00--18:00.

The MMT was performed in the sitting position with the patients extending their knee against gravity from a flexed position. The grading was recorded from 0 to 5. To be specific, if the patient was unable to generate any contraction, the test was scored as 0 out of 5. If the patient was capable of extending the knee against resistance to full extension, the score would be recorded as 3 out of 5. If the patient was able to hold the knee in extension against gravity, the score would be 5 out of 5. Moreover, the grading 0 to 2 out of 5 was evaluated according to the degree of the ability of these patients to move a limb (gravity eliminated) throughout the range of motion. MMT was measured at 12, 24, 48, and 72 hrs after surgery.

Walking ability was assessed using a validated ambulation test, the Timed Up and Go (TUG) test. TUG test is able to assess the patient's mobility that requires both balance and static, under the facilitation of any assisting device. In TUG test, patients are asked to rise from a chair, walk to a line 3 meters away, turn around, walk back to the chair, and sit down. The time duration is measured in seconds, which was determined at 24, 48, and 72 hrs after surgery. For both MMT and TUG, the primary endpoint regarding timing was 48 hrs after surgery, when we stopped the pumps and patients started their functional exercise. Notably, great attention should be paid to avoid falls in patients.

Moreover, the numeric rating scales (NRS) scores at rest and at 45° flexion of the knee were recorded to evaluate the postoperative pain control. The numeric scale ranges from 0 to 10, representing from "no pain" to "worst pain imaginable", respectively. Patients were asked to select a number (0--10 integers) to reflect the pain level, which was assessed at 6, 12, 24, 36, 48, and 72 hrs after surgery. In addition, the analgesic consumption and complications of peripheral nerve block were also evaluated in all patients.

Sample Size {#S0002-S2006}
-----------

Based on NRS data of a pilot trial conducted in the beginning (10 subjects per group), anticipated sample size was calculated by the PASS software (version 11; NCSS, Tennessee). Tests for two means for a repeated design was adopted and a maximal sample size of 24 subjects per group would be appropriate to have a 90% power to detect a mean difference in NRS scores. A total of 90 subjects would be enrolled in case of 20% dropouts.

Statistical Analysis {#S0002-S2007}
--------------------

Data were analyzed using Statistical Package for the Social Sciences (SPSS) version 23.0 (IBM Corp., NY, USA). Normality would be confirmed first when analyzing numerical data like the MMT scores, NRS scores, and analgesic consumption. Analysis of variance (ANOVA) or nonparametric test (Kruskal-Wallis test) was adopted to compare the effects of the treatments, according to the distribution of the variable. ANOVA for repeated measurements was used to analyze NRS, MMT, and TUG results, followed by Mauchly's test. Categorical data were analyzed using χ^2^ or Fisher's exact test as appropriate. Bonferroni method was used in correction for multiple pairwise comparisons where is needed. The *α* level was 0.05 and *P*\<0.05 was considered significant.

Results {#S0003}
=======

A total of 90 patients were assessed for eligibility, 2 patients did not meet the inclusion criteria, and 6 patients refused general anesthesia. Data were analyzed on 30 patients in each group, as shown in [Figure 1](#F0001){ref-type="fig"}. The characteristics of patients, preoperative NRS, preoperative mechanical femorotibial angle, preoperative muscle power, and operation duration in H group, L group, and LD group are shown in [Table 1](#T0001){ref-type="table"}. The baseline characteristics and perioperative variables were similar among the three groups and no complications of peripheral nerve block were reported. ANOVA for repeated measures was used to analyze the data of MMT scores and TUG values. Treatment effects of 3 groups were different from each other (*P*\<0.001). At 12 h postoperatively, the quadriceps muscle strength was higher in LD group than H group and L group (*P*\<0.05). No differences were found among the three groups at 24 h, 48 h, and 72 h postoperatively ([Figure 2A](#F0002){ref-type="fig"}).Table 1Patient Demographics And Baseline CharacteristicsVariableH GroupL GroupLD Group*P-*valueSex (Male/female)42/4839/5146/44n.s.Age (Years)68.9 (2.8)67.8 (3.6)68.4 (2.2)n.s.Weight (kg)67.9 (5.5)67.7 (4.7)69.7 (4.6)n.s.Height (cm)162.6 (9.1)161.8 (6.8)164.1 (6.5)n.s.Preoperative NRS2.3 (0.9)2.4 (1.0)2.6 (0.9)n.s.Preoperative mechanical femorotibial angle (°)174.6 (3.9)176.6 (1.9)177.0 (1.9)n.s.Preoperative muscle power5 (4--5)5 (4.5--5)5 (4--5)n.s.Operation duration (min)117.7 (8.4)119.1 (8.3)120.4 (7.8)n.s.[^2] Figure 1Consolidated Standards of Reporting Trials (CONSORT) flow diagram showing patient progress through the study phases.**Abbreviations:** H group, high concentration group; L group, low concentration group; LD group, low concentration with dexmedetomidine group.Figure 2MMT (**A**) and TUG tests (**B**) evaluating the the strength of quadriceps muscle after FNB. \**P*\<0.05.**Abbreviations:** H group, high concentration group; L group, low concentration group; LD group, low concentration with dexmedetomidine group.

As for TUG values, the sphericity assumption was not violated by Mauchly's test (*P*=0.453). Walking ability measured by the TUG test was significantly different from each other (*P*\<0.001) and the value of H group was larger than those of L group and LD group at 24 and 48 h postoperatively (*P*\<0.05, [Figure 2B](#F0002){ref-type="fig"}). No significant difference was found among the three groups at 72 h postoperatively ([Figure 2B](#F0002){ref-type="fig"}).

ANOVA for repeated measures was used to analyze the NRS scores at rest. Sphericity was identified by Mauchly's test (*P*=0.509) and the mean values of the NRS scores at rest in L group were higher than H or LD group (*P*\<0.001). Patients in H group and LD group reported reduced NRS scores at rest compared with L group at 12, 36, and 48 h postoperatively (*P*\<0.5). No significant difference was observed among the three groups at 72 h postoperatively ([Figure 3A](#F0003){ref-type="fig"}).Figure 3Mean NRS pain scores at rest (**A**) and at 45° flexion (**B**). Data are shown by median and interquartile range (IQR). A p-value less than 0.05 was considered to be statistically significant. \**P*\<0.05 compared with H group; \#, *P*\<0.05 compared with LD group.**Abbreviations:** H group, high concentration group; L group, low concentration group; LD group, low concentration with dexmedetomidine group.

NRS scores at 45° flexion were also analyzed by ANOVA for repeated measures. Sphericity assumption was identified (*P*=0.428) and similarly, the mean values of the NRS scores at flexion in L group were higher than H or LD group (*P*\<0.001). The results indicated the NRS scores at flexion in H group and LD group were both lower than in L group at 48 and 72 h postoperatively (*P*\<0.05). There was no significant difference among the three groups at 24 h and 36 h postoperatively ([Figure 3B](#F0003){ref-type="fig"}).

Furthermore, the total morphine consumption within 48 hrs after FNB was statistically different as indicated by ANOVA (*P*=0.007). The mean morphine consumption in L group was larger than those in L group and LD group (*P*\<0.05). No significant difference was found between H group and LD group ([Figure 4](#F0004){ref-type="fig"}).Figure 4Morphine consumption during 48 hrs after FNB. Total morphine consumptions are presented by median and IQR. \**P*\<0.05.**Abbreviations:** H group, high concentration group; L group, low concentration group; LD group, low concentration with dexmedetomidine group.

Discussion {#S0004}
==========

The objectives of our study were to determine whether the addition of dexmedetomidine to a lower concentration of ropivacaine in preoperative FNB would intensify analgesia and preserve quadriceps muscle strength. As a result, our present outcomes indicated that addition of dexmedetomidine 2 μg/kg to 0.1% ropivacaine in FNB would preserve quadriceps muscle strength compared to 0.2% ropivacaine. Moreover, a combination of dexmedetomidine with 0.1% ropivacaine decreased postoperative pain both at rest and movement, and attenuated opioid consumption analgesia, in comparison with those administered 0.1% ropivacaine alone.

Post-TKA pain leads to knee stiffness and inhibits early mobilization, which is considered as the most limiting factor for early ambulation and rehabilitation. FNB, a main part of analgesic approach in patients receiving TKA, has been proven to be an effective method to relieve post-TKA pain.[@CIT0002] However, the administration of FNB would generally cause substantially decreased quadriceps muscle strength in patients. Moreover, quadriceps weakness could limit patients' ability to participate in any physical rehabilitation program and even place them at high risk of postoperative falling.[@CIT0005] Previous attempts have been made to decrease the dose of local anesthetics used in FNB in order to promote the fast recovery speed of patients following TKA. However, a previous study demonstrated no benefit in patients' postoperative rehabilitation and analgesia when using ropivacaine less than 0.1%.[@CIT0013] Another research revealed similar analgesic quality between 0.2% ropivacaine and 0.3% ropivacaine for postoperative continuous FNB.[@CIT0007] Therefore, according to previous studies, it is speculated that, for continuous nerve blocks, local anesthetic concentration and volume might not influence nerve block characteristics, while local anesthetic dose (mass) is the primary determinant of perineural infusion effects.[@CIT0014] But until now, the most effective ropivacaine concentration for femoral infusion before and after TKA has not been defined.

In our experience, the continuous FNB using an infusion of 0.2% ropivacaine yielded better analgesic effect than using 0.1% ropivacaine, which was also shown in our results. Sharma et al found that the addition of perineural dexmedetomidine to 0.2% ropivacaine significantly improved the quality and duration of post-operative analgesia, however, without any information on quadriceps muscle.[@CIT0015] In our study, we reported that 0.2% ropivacaine led to significant quadriceps weakness. Here, 0.2% ropivacaine showed its longer effect on TUG 48 hrs after surgery. Perineural dexmedetomidine has been proven to enhance sensory and analgesic block characteristics and exhibit a facilitatory effect when administered intrathecally as part of nerve block.[@CIT0016],[@CIT0017] Therefore, in the present study, dexmedetomidine was added to 0.1% ropivacaine in FNB. In spite of the existing concern regarding the application of dexmedetomidine in FNB, no information about quadriceps muscle strength has ever been reported. Our study not only focused on post-operative analgesia, but also concerned quadriceps muscle strength. During the operations, the surgeons did not perform any local infiltration analgesia technique, and we did not apply any NSAIDs drugs, but we used both continuous peripheral nerve block and the morphine pump as multimodal analgesia strategy, which had been proven sufficient for knee analgesia. Moreover, we tried to avoid interference of other factors except FNB in our study.

Of note, the most important finding of our study is that quadriceps muscle strength was significantly greater in dexmedetomidine 2 μg/kg combined with 0.1% ropivacaine group than that in 0.2% ropivacaine group, without major differences in the NRS scores under movement or analgesic consumption ([Figures 3](#F0003){ref-type="fig"} and [4](#F0004){ref-type="fig"}). Moreover, we found that 0.1% ropivacaine exerted less analgesic effect than 0.2% ropivacaine or 0.1% ropivacaine combined with dexmedetomidine. We have assumed that a lack of analgesic effect of 0.1% ropivacaine could lead to weak TUG results. Intriguingly, we believe that with the application of intravenous morphine, patients would have better 48 h-recovery after surgery and show improved TUG results. In our clinical setting, the addition of dexmedetomidine to a lower concentration of ropivacaine in FNB could decrease the motor block of quadriceps muscle in patients undergoing TKA. During the study, we stopped the pump at 48 hrs after surgery according to our clinical protocol for two reasons. Firstly, NRS scores measured at this time point in patients were less than 4, indicating effective analgesia. Secondly, the patients had to start leaving their beds for functional exercise, so the pumps had to be stopped.

The mechanism of dexmedetomidine acting perineurally has not been well studied. Like clonidine, dexmedetomidine can enhance the degree of hyperpolarization by blocking the Ih current (generated by low-grade stimulation and activation of Na^+^/K^+^ pump).[@CIT0010] Animal studies have shown that the addition of dexmedetomidine to local anesthetic would increase the duration of sensory and motor blockade in a rat model of sciatic nerve blockade.[@CIT0018] A study has been performed to compare two different doses of dexmedetomidine, 1 and 2 μg/kg respectively, along with 0.25% bupivacaine used alone in FNB for postoperative analgesia after TKA. Consequently, they found that dexmedetomidine at 2 μg/kg dose in FNB showed better analgesic effect than that at 1 μg/kg after TKA. However, they only evaluated the effect of dexmedetomidine in providing analgesia, but failed to assess early ambulation.[@CIT0019] Another study showed that the addition of dexmedetomidine 1 μg/kg to 0.25% bupivacaine in thoracic paravertebral blocks (PVB) in patients undergoing modified radical mastectomy improved the quality and the duration of analgesia, and also provided an analgesic sparing effect without any serious side effects.[@CIT0020] Thus, in our study, the dosage of 2 μg/kg dexmedetomidine was selected as adjuvant to ropivacaine. Similar to previous studies, dexmedetomidine showed no adverse cardiovascular responses.

Here, we performed MMT to evaluate the function and strength of individual muscles/muscle groups based on manual resistance and the forces of gravity. MMT results depend on the subjective judgement of investigators, which is difficult to precisely measure because of postoperative pain.[@CIT0021] In our study, we found L group showed worse MMT results than LD group at 12 h after surgery, indicating that 0.1% ropivacaine has less analgesic effect than 0.2% ropivacaine or 0.1% ropivacaine combined with dexmedetomidine. However, at 24 h after surgery, this phenomenon disappeared. We assumed that patients in L group used morphine to relieve the pain. Moreover, TUG test was performed to assess the walking ability, and postoperative pain might also affect walking ability, which explained the causes for the worse walking ability in L group. TUG is known as a simple, quick, and clinical performance-based measure of lower extremity function, mobility, and fall risk.[@CIT0022] TUG tests have been used in many TKA trials. One study aimed to investigate the continuous adductor canal block versus CFNB after TKA for mobilization capability. They administered continuous infusion of 0.2% ropivacaine to patients without any intravenous morphine pumps. Because the concentration of ropivacaine they applied was higher than that in our study, the TUG scores in their study were much higher than ours.[@CIT0023] Jaeger et al reported a similar TUG score level while they were trying to find out the relationship between FNB and quadriceps strength.[@CIT0024] They used a similar ropivacaine concentration as that in our study. All of these indicated that TUG scores are highly associated with concentration of local anesthetics used.

In our study, we assumed that 2 μg/kg dexmedetomidine used in FNB presents better analgesic effect. Thus, a lower concentration of ropivacaine combined with 2 μg/kg dexmedetomidine as adjuvant could decrease the motor block of quadriceps muscle in patients undergoing TKA, which is a better protocol for FNB in patients.

We appreciate Professor Lihua Zhou, from the Department of Anatomy, Zhong Shan Medical College, for her detailed instruction of the clinical anatomy.

Ethics Approval And Consent To Participate {#S0005}
==========================================

This trial was approved by the Ethics Committee of the First-affiliated Hospital of Sun Yat-sen University (No. \[2018\]45). Written informed consent was obtained from all patients willing to participate in this study.

Availability Of Data And Materials {#S0006}
==================================

The data were part of dataset of Department of Anesthesiology, First-affiliated Hospital, Sun Yat-sen University, which is not public presently. The authors do not intend to share individual deidentified participant data.

Author Contributions {#S0007}
====================

All authors contributed to data analysis, drafting or revising the article, gave final approval of the version to be published, and agree to be accountable for all aspects of the work.

Disclosure {#S0008}
==========

The authors report no conflicts of interest in this work.

[^1]: These authors contributed equally to this work

[^2]: **Notes:** Continuous data are presented as mean (SD) or median (P~25~-P~75~). There were no statistical differences among all three groups. (*P*\<0.05).

    **Abbreviations:** H group, high concentration group; L group, low concentration group; LD group, low concentration with dexmedetomidine group; n.s., not significant.
